The present study focuses on the response surface methodology (RSM) for the optimization of lead removal from an aqueous solution by a novel superparamagnetic nanocomposite. A rotatable central composite design and the response surface methodology were used to conduct and to analyze the experiments, respectively. The adsorption process was investigated as a function of the four factors consisting of pH (4.0-6.0), temperature (20 C-60 C), initial lead concentration (10-90 mg/L) and adsorbent dosage (0.2-1.0 g/L). The maximum lead adsorption capacity was obtained to be 124.955 mg/g under the optimal conditions of 5.49, 60 C, 89.08 mg/L, and 0.48 g/L for the solution pH, temperature, initial lead ion concentration, and the adsorbent dosage, respectively. The desirability function was used to find an optimum point where the desired conditions could be obtained. The superparamagnetic nanocomposite could be used as an adsorbent for the removal of toxic heavy metals from water and wastewater.
Introduction
Environmental contamination of heavy metals has become a worldwide problem and a special attention has been given to them because of their high toxicity, nonbiodegradability, and accumulation in the food chain (Javanbakht et al., 2011 ; Kumar a novel superparamagnetic CS/CPL nanocomposite. We synthesized the nanocomposite (adsorbent) by embedding a magnetite in a matrix of the zeolite microparticles, crosslinking them with glutaraldehyde and coating the product with the chitosan to improve the stability and adsorption capacity of the nanocomposite. Optimization of the lead adsorption by the classical method involves changing one independent variable (i.e., pH, temperature, lead ion concentration, and adsorbent dosages) while maintaining the others at a fixed level. The experimental factorial design and response surface methodology (RSM) can be employed to optimize the lead adsorption onto the magnetic CS/CPL nanocomposite in an aqueous solution. For a better understanding of different stages of the adsorption at a varying pH, temperature, lead concentration, and adsorbent dosages, the RSM (under DESIGN EXPERT software) was used to optimize the lead adsorption.
Materials and methods Materials
The CPL sample (KNa 2 Ca 2 (Al 7 Si 29 )O 72 Á24H 2 O) was collected from Semnan region in the central Alborz Mountains, Iran. The CS as a powder (with a medium molecular weight and a deacetylation degree of 75-85%) was obtained from the Sigma-Aldrich. Pb(NO 3 ) 2 , NaOH (99%), HCl (99%), HNO 3 (99%), and glutaraldehyde solution (25%) were supplied by the Merck company (Germany). FeCl 3 .6H 2 O and FeCl 2 .4H 2 O were supplied by the UNI-CHEM, Germany. All the solutions were prepared with distillated water. Also, all the chemical reagents were of an analytical reagent grade.
Synthesis of the modified CPL (CPL/Fe 3 O 4 )
A known amount of the CPL powder was added to a 30 mL of distilled water. The mixture was homogenized using a vigorously mechanical stirring (350 r/min) for 10 min. The solutions of FeCl 2 Á4H 2 O and FeCl 3 Á6H 2 O in water with a molar ratio of 2:1 were prepared and were mixed together and then were deoxygenated by bubbling of Argon (Ar) gas. The initial pH of the solutions was adjusted to approximately 2 with 2 M HCl. About a 9 mL of 1 M NaOH solution was added dropwise to the suspension while the mixture was vigorously mechanical stirred under an ultrasonic irradiation and in Ar atmosphere for 1 h. The prepared composite (zeolite powder, iron oxide with a 1:1 mass ratio) was separated using a magnet. The product was washed with distilled water for four times and then was dried at 80 C in a vacuum oven for 24 h.
Preparation of the magnetic CS/CPL nanocomposite
In this research, the CPL/Fe 3 O 4 nanocomposite was synthesized by embedding magnetite nanoparticles in a matrix of the CPL microparticles with precipitation method and then, crosslinked the CS around the CPL/Fe 3 O 4 nanocomposite with glutaraldehyde crosslinker to improve the stability and adsorption capacity of the nanocomposite. As the prepared CPL/Fe 3 O 4 nanocomposite (50 mg) was completely washed and dispersed into distillated water, the initial pH of the suspension was adjusted to about 11 with 1 M NaOH. Glutaraldehyde solution (0.200 mL) as a crosslinker was dropped into the suspension with a continual stirring of 200 r/min under the ultrasonic irradiation for 30 min. Next, a solution of chitosan (CS/CPL with a 1:5 mass ratio) in an acetic acid with 1 wt% was added dropwise to the suspension while the mixture was vigorously mechanical stirred under the ultrasonic irradiation for 1 h. As a novel way to prevent deterioration of synthesized magnetite when adding acidic chitosan solution, an alkaline solution was added dropwise to maintain the suspension pH of about 11. After the addition was completed, the stirring was continued for 60 min, then the solid-liquid separation was performed using a magnetic Eeld. The product was washed and then was dried at 70 C for 44 h. Finally, it was grinded to obtain the nanocomposite (adsorbent).
Analytical methods
The scanning electron microscopy (SEM) (Cam-Scan MV 2300) was used to study the surface of the adsorbent. Prior to the SEM studies, the samples were coated with a thin layer of gold. The crystal structure of nanocomposite was examined by a JEOL JDX-8030 diffractometer using a Cu Ka radiation ( ¼ 0.1541 nm) in the range of 10-90 (2y) (X-ray powder diffraction (XRD)). The Fourier transform infrared (FTIR) spectra of the nanocomposite were analyzed using a Bruker Tensor 27 spectrometer. The magnetization was measured at room temperature with a vibrating sample magnetometer (VSM, MPMS-5 SQUID). The concentration of lead solution was determined using a Buck 210VGP atomic absorption spectrophotometer. A stock lead ion solution of 1000 mg/L was prepared by dissolving 1.5980 g of lead nitrate into a 1000 mL of deionized water. The solution was diluted for different considered ion concentrations. The pH of the solutions was adjusted by adding 1 N NaOH and 1 N HNO 3 solutions.
Lead adsorption process
By means of the RSM, 30 batch adsorption experiments were designed and the effect of the pH, temperature, initial lead concentration, and the adsorbent dosage on the lead removal was studied. Each experiment was carried out in 50 mL of the lead solution under a mechanical stirring at 100 r/min for 120 min to reach the equilibrium and finally, the adsorbent was separated from the solution using a magnetic Eeld. The separated solutions were analyzed for the residual lead ion concentration. The removal capacity of lead (Y) was given by
where m, V, C 0 , and C e are the mass of adsorbent, the volume of the solution and the initial and residual lead concentrations in the solution (mg/L), respectively.
Design of experiments
The RSM consists of several experimental techniques dedicated to the evaluation of relationship between a group of controlled experimental factors and measured responses based on one or more criteria (Amini et al., 2008; Ghorbani et al., 2008; Radaei et al., 2014) . RSM can be used to evaluate the effects of individual parameters, the interaction of variables, and the optimum conditions for responses (Ghoreishi et al., 2012; Roosta et al., 2014) . A five-level, four-factor central composite design (CCD) was used to investigate the effect of the selected parameters on the lead removal capacity by the adsorbent particles.
The pH (X 1 ), temperature (X 2 ), initial lead concentration (X 3 ), and the adsorbent dosage (X 4 ), were selected as the independent variables, and the lead removal capacity was considered as the response (dependent variable). The variables were coded according to the following equation
where x i , X i , and X 0 are the coded value, the real value, and the real value at the center point of an independent variable, respectively, and ÁX is the step change value. A CCD is made rotatable by the choice of the rotatability factor a which depends on the number of the points in the factorial portion of the design as expresses
where n is the number of factors which is 4 and 2 n is the number of the points used in the factorial portion of design witch gives ¼ 2. The uncoded levels of each parameter were defined as follows
Level coded as þ1 Table 1 represents the experimental ranges and levels of the independent variables for the lead ions removal. Tables 2 and 3 give the response variables and the experimental design points consisting of the 2 4 factorial points, the 8 axial points, and the 6 central points. The center points are used to determine the reproducibility of the data and the experimental error.
The independent variables vary between the lowest level of À1 and the highest level of þ1. The axial points are located at the distance a from the center and make the design rotatable. The experimental results were analyzed using the Design Expert 7.0.0 (Stat-Ease, Inc., Minneapolis, MN, USA) software and the mathematical relationship between the four Table 1 . The levels and ranges of the independent variables. independent variables were approximated by the second-order polynomial model (Amini et al., 2008; Ghorbani et al., 2008; Ghoreishi et al., 2012; Radaei et al., 2014; Roosta et al., 2014) .
where y is the predicted response (lead removal capacity), x i and x j are the independent variables (pH, temperature, initial lead concentration, and adsorbent dosage), 0 , i , ii and ij are the model constant, the linear coefficients, the quadratic coefficients, and the crossproduct coefficients, respectively, and " represents the random error. Results and discussion Characterization of the adsorbent In the FTIR result of the nanocomposite (Figure 2) , the band at around 3430 cm À1 can be assigned to the stretching modes of the OH groups on the surface of the magnetite particles or to the N-H extension vibration on the surface of the Cs (Batista et al., 2011) . The C-H stretching vibration of the Cs is manifested through a strong peak of 2923 cm À1 while the characteristic band centered at 1634 cm À1 can be attributed to the N-H bending of the NH 2 group (Unsoy et al., 2012) . The Fe-O-Fe band observed at 575 cm À1 corresponds to the intrinsic stretching vibrations of the metal (Ozkaya et al., 2009; Petcharoen and Sirivat, 2012). The absorption appeared in the regions of around 450 and 800 cm À1 is resulted from the stretching and bending modes of Si-O or Al-O in the CPL framework (Faghihian et al., 2014; Mansouri et al., 2013) . The bands at 1417 cm À1 can be attributed to the CH 3 bending vibration (Kyzas and Deliyanni, 2013) . The XRD results of the nanocomposite represent the characteristic peaks of the crystalline magnetite at 2y ¼ 30. 4, 35.5, 43.1, 53.4, 57.0, and 62.9 marked by their indices (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1), and (4 4 0), respectively, of the crystalline CPL at 2y ¼ 22. 5, 26.0, and 42.9 , and of the chitosan at 2y ¼ 20.2 ( Figure 3 ). There is no significant shift in the characteristic peaks of the magnetite and zeolite in the nanocomposite particles. This reveals that the crystallinity of the magnetite and zeolite is still retained in the nanocomposite. Indeed, for a relative change in the peak intensities ca. the reaction has not altered the crystalline structures of the magnetite and zeolite. It is also suggested that the Cs modification does not change the phase of nanocomposite compositions.
The nanocomposite revealed good magnetic properties in the magnetic field. After the preparation, a test with a magnet showed that the particles were superparamagnetic and were completely attracted to the magnet. The saturation magnetization of the nanocomposite is 9.50 emu g À1 (Figure 4 ).
Lead adsorption process
In this section, the effects of process parameters on the removal response are presented. The removal of lead as a function of the pH and the adsorbent dosage is given in Figure 5 (a). The Figure 5 (a) shows that the lead removal decreased with increasing the adsorbent dosage from 0.2 to 1.0 g/L. Although increasing the adsorbent dosage can be attributed to the increased surface area and adsorption sites of adsorbent, the values of lead removal decreased with increasing the adsorbent dosage (Ghorbani et al., 2008) . The primary reason is that the adsorption sites remain unsaturated during the adsorption reaction whereas the number of sites available for the adsorption increases by increasing the adsorbent dosage. The agglomeration of the adsorbent can also be a reason for the decrease in the lead removal capacity at the high concentrations of the adsorbent. This means that the higher values of lead adsorption are obtained by simultaneously, the decrease in the adsorbent dosage and the increase in the pH. This may be explained by the increase in availability of the adsorption sites at a higher pH which improved the access of lead to the adsorption sites of the adsorbent. In fact, the protons will combine with the lead ions for the ligands and consequently, will decrease the interaction of lead ions with the adsorbent (Tan et al., 2012) . The effect of temperature and pH on the lead removal is shown in Figure 5 (b). Increasing the temperature in a lower pH had a positive effect on the lead removal. The increased lead removal with increasing the temperature may be a result of the faster chemical precipitation rate of the lead hydroxide at higher temperatures (Ahmadi et al., 2014) . The effect of the initial pH and the initial lead ion concentrations on the lead removal is shown in Figure 5 (c). The lead removal increased with an increase in the initial lead ion concentration varying from 10 to 90 mg/L and with an increase in the initial solution pH varying from 4 to 6 in the higher lead ion concentrations.The solution pH affects both the adsorbent surface adsorption sites and the lead chemistry in solution. The functional groups such as amino groups and hydroxyl of Cs were found to be responsible in the adsorption of lead ions (Ngah et al., 2011) . This proofs that the lead adsorption occurs through the ion exchange mechanism in witch, the lead ion binds to adsorption sites by replacing two acidic H þ at a low pH. However, the amount of the lead adsorbed is influenced by the properties of the adsorbent surface. An increase of the lead removal by increasing the initial lead concentration is a result of the increase in the driving force of the lead concentration gradient (Javanbakht et al., 2011) . The removal of lead as a function of the adsorbent dosage and the temperature is shown in Figure 5(d) . The results showed that the lead removal decreased with increasing the adsorbent dosage from 0.2 to 1.0 g/L. Thus, the effect of the adsorbent dosage is more significant than that of the temperature. Figure 5 (e) shows the effects of the temperature and the initial lead concentration on the lead removal. The effect of the initial lead concentration is found to be more significant than that of the temperature. Figure 5 (f) depicts the lead removal as a function of both the adsorbent dosage and the initial lead concentration.
Fitting the model
The analysis of variance (ANOVA) was used to evaluate the statistical significance of the quadratic model. It was found that the regression was statistically significant at the 
where y is the lead removal response, x 1 , x 2 , x 3 , and x 4 are the coded values of the variables including the initial solution pH (x 1 ), temperature (x 2 ), initial lead ion concentration (x 3 ), and the adsorbent dosage (x 4 ), respectively. The ANOVA has been performed for the second-order response surface model and the results are listed in Tables 4 and 5 . The significance of each coefficient was determined by the P-values and the F-values. The smaller the P-values and the larger the F-value, the more significant is the corresponding coefficients. The values of ''prob > F'' < 0.05 indicate a significant regression at a 95% confidence level. Therefore, the significant model terms were the following: (a) the first order main effects of the initial solution pH, the initial lead concentration, and the adsorbent dosage; (b) the square effects of the initial lead concentration and the adsorbent dosage; and (c) the interaction effects of the initial solution pH and the adsorbent dosage.
In order to estimate the adequacy of the regression model, the diagnostic plots are given in Figure 6 . The actual and the predicted removal capacity values are given in Figure 6 (a). As can be seen, the model adequately explains the experimental studied range, and there are tendencies in the linear regression fit. The normal percentage probability plot is presented in Figure 6 (b). The data points show that neither there is any apparent problem with normality nor the response transformation is required. The plot of the residuals versus the fits was used to examine the reliability of the model, as illustrated in Figure 6 (c). As a result, no series of the increasing or decreasing points, of the patterns such as the increasing are the square effects; X 1 X 2 , X 1 X 3 , X 1 X 4 , X 2 X 3 , and X 2 X 4 are the interaction effects.
residuals with increasing fits and of a predominance of the positive or negative residuals should be found which is fortunately met in our work.
Optimization using the desirability function
For the numerical optimization, we consider the desired goal for each factor and the corresponding response (Batista et al., 2011) . A weight can be assigned to each goal to adjust the shape of its particular desirability function. Our goals are the pH, temperature, Figure 6 . (a) The actual and the predicted lead removal capacity, (b) the studentized and the normal percentage probability plot of the lead removal capacity, and (c) the predicted removal and the studentized residual plot.
initial lead concentration, adsorbent dosage, and the removal of lead. The overall desirability function, made of a combination of the goals, is an objective function ranging from zero outside of the limits to one at the goal. The function can be maximized by using a random starting point and then proceeding along the steepest slope up to a maximum. Starting from several points in the design space increases the chance of achieving the ''best'' maximum among all possible maxima of the function. A multiple response method was applied for optimizing any combination of our goals. The optimization resulted in a point that maximizes the desirability function. The maximum level of the initial lead concentration (90 mg/L), the minimum level of the adsorbent dosage ( of the removal capacity within the range of 16.2-127.6 (mg/g) were set for the maximum desirability. Figure 7 shows a ramp desirability made from 30 optimum points via the numerical optimization. By seeking 30 starting points in the response surface changes, the best local maximum was found to be at the pH of 5.49, the temperature of 60.0 C, the initial lead concentration of 89.08 mg/L, the adsorbent dosage of 0.48 g/L, the lead removal of 124.955 mg/g, and the desirability of 0.864. The desirability of 0.864 indicates that the estimated function may express the desired conditions and the experimental model.
The maximum capacity of the adsorbent indicates a large adsorption capacity for the lead. The Table 6 indicates the comparison of lead adsorption capacity of the adsorbent with various adsorbents reported in literature including its components. The results show a proper adsorption capacity for the lead in comparison with its components and other adsorbents. In addition, one of the important advantages of the synthesized adsorbent in this study is that it could be regenerated and recycled using simple magnetic separation which is a great advantage.
Conclusion
The results of this work show that the nanocomposite adsorbent is an efficient adsorbent of the lead in dilute solutions and has high adsorption yields for the treatment of wastewater containing lead ions. Adsorption processes were performed as a function of the pH, temperature, initial lead concentration, and the adsorbent dosage. The optimization of the lead adsorption by the RSM resulted in 124.955 mg/g. The levels of the following four variables were found to be optimal for the maximum lead removal: the pH of 5.49, the temperature of 60.0 C, the initial ion concentration of 89.08 mg/L, and the adsorbent dosage of 0.48 g/L. The scanning electron microscope and the energy dispersive X-rays results of the adsorbent show the presence of the chitosan covering the CPL/Fe 3 O 4 nanocomposite surface. According to these observations, the nanocomposite revealed good magnetic properties in the magnetic field so that after the adsorption process is completed, the nanocomposite was completely attracted to the magnet.
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